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ABSTRACT
The Fermi blazar observations show a strong correlation between γ-ray luminosities
and spectral indices. BL Lac objects are less luminous with harder spectra than flat-
spectrum radio quasars (FSRQs). Interestingly FSRQs are evident to exhibit a Kep-
lerian disc component along with a powerful jet. We compute the jet intrinsic lumi-
nosities by beaming corrections determined by different cooling mechanisms. Observed
γ-ray luminosities and spectroscopic measurements of broad emission lines suggest a
correlation of the accretion disc luminosity with jet intrinsic luminosity. Also, theo-
retical and observational inferences for these jetted sources indicate a signature of hot
advective accretion flow and a dynamically dominant magnetic field at jet-footprint.
Indeed it is difficult to imagine the powerful jet launching from a geometrically thin
Keplerian disc. We propose a magnetized, advective disc-outflow symbiosis with ex-
plicit cooling to address a unified classification of blazars by controlling both the mass
accretion rate and magnetic field strength. The large scale strong magnetic fields in-
fluence the accretion dynamics, remove angular momentum from the infalling matter,
help in the formation of strong outflows/jets, and lead to synchrotron emissions si-
multaneously. We suggest that the BL Lacs are more optically thin and magnetically
dominated than FSRQs at the jet-footprint to explain their intrinsic γ-ray luminosities.
Key words: accretion, accretion discs – MHD – radiation mechanisms: non-thermal
– galaxies: jets – BL Lacertae objects: general – quasars: supermassive black holes
1 INTRODUCTION
Relativistic, highly collimated, powerful jets are ubiquitous
in various astrophysical black hole (BH) systems spanning
BHs from stellar mass (∼ 10 to 30M, M is solar mass)
to supermassive scales (∼ 106 to 109M). They particularly
exist in microquasars, active galactic nuclei (AGNs), and
gamma-ray bursts (GRBs). These jets are believed to be
produced from the innermost region of accretion flow, pre-
sumably when the accretion flow is hot, advective and geo-
metrically thick. Observational evidences predict that every
BH X-ray binary (XRB) in their low/hard state has strong
radio jet (Fender et al., 2004) and a parallel discovery is that
all low luminous AGNs are radio-loud (Nagar et al., 2000).
There are indeed some causal connections between hot ad-
vective accretion flows and radio-emitting jets. Compared
with cooler geometrically thin accretion discs (Shakura &
Sunyaev, 1973), hot advective flows can easily advect the
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magnetic field in the vicinity of BH (Guilet & Ogilvie, 2012).
Also, the strong winds from the hot advective flows help to
collimate (Beskin & Malyshkin, 2000) and stabilize the jet
(Appl & Camenzind, 1992).
Observations and theoretical efforts over decades try to
address the mechanisms responsible for these jet formation,
as well as the nature of their high-energy radiation (Meier
et al., 2001). The leading mechanism suggests that the com-
bined effects of large-scale magnetic fields and BH rotation
could produce efficient outflowing energy in jets (Blandford
& Znajek, 1977). This was also verified by three-dimensional,
general relativistic, magnetohydrodynamic (GRMHD) sim-
ulations (McKinney & Gammie, 2004; Tchekhovskoy et al.,
2011; Qian et al., 2018). Indeed the inferred unusually large
Faraday rotation from the multi-frequency radio measure-
ment of a pulsar close to the center of our Galaxy indicates
a signature of the dynamically important magnetic field near
the BH (Eatough et al., 2013). Also based on the correla-
tion of accretion disc luminosity and jet magnetic field for
a sample of 76 radio-loud active galaxies, it was concluded
that the jet-launching regions are threaded by dynamically
© 2019 The Authors
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important magnetic fields (Zamaninasab et al., 2014). All
these inferences support the idea of highly magnetized ac-
cretion flow in the vicinity of a BH.
Now the question is, how are the jet power and the
accretion disc luminosity correlated? The intrinsic jet lumi-
nosity (the power that jet expends in producing non-thermal
radiation) is believed to be 10% of the jet kinetic power, and
interestingly, this holds for all the well-known jetted sources,
namely, BH XRBs, AGNs, and GRBs (Nemmen et al., 2012;
Ma et al., 2014). Recently a clear correlation between the
intrinsic jet luminosity, as measured through the γ-ray lu-
minosity, and the accretion luminosity, as measured by the
broad emission lines, for a sample of 217 blazar sources is
found. Remarkably, both of them are of the same order
(Ghisellini et al., 2014). Following all these observational
and theoretical insights, we construct a magnetized disc-
outflow symbiosis to address a unified classification of blazar
sequences by controlling both the magnetic field strength
and accretion rate.
Blazars are radio-loud AGNs with relativistic jets point-
ing close to our line of sight. Based on the equivalent width
(EW) of the optical emission lines, blazars are classified into
two subclasses: Flat Spectrum Radio Quasars (FSRQs) with
EW> 5 A˚ and BL Lac objects with EW< 5 A˚ (Urry &
Padovani, 1995). The signature of strong emission lines stip-
ulates the presence of luminous broad line region (BLR) and,
hence, efficient accretion process in FSRQs. On the other
hand, the presence/absence of narrow emission lines in BL
Lacs suggests a relatively low accretion and/or the ascen-
dancy of non-thermal synchrotron emission therein.
The broad-band spectral energy distribution (SED) of
blazars consists of two broad humps. The low energy com-
ponent extends from radio to optical-UV or X-rays and is
well explained with synchrotron emission by relativistic elec-
trons. The high energy component, generally in the γ-ray
regime, is attributed to the inverse Compton (IC) scatter-
ing of soft photons by energetic electrons in jet plasma.
In BL Lac objects, the soft photons are thought to be
provided by the synchrotron emission and this IC mecha-
nism is known as synchrotron self-Compton (SSC). On the
other hand, for powerful FSRQs, the IC mechanism is ex-
plained by the combination of SSC and (mostly) external
Comptonization (EC) processes. For EC, the soft photons
are expected to be provided by the jet environment, ei-
ther the accretion disc (Dermer & Schlickeiser, 1993) and/or
BLR (Sikora et al., 2009) and/or dusty torus (B laz˙ejowski
et al., 2000). Also, based on the position of the synchrotron
peak (νsyn) in the rest frame, BL Lac objects and blazars
in general are further classified as low-synchrotron-peaked
(LSP, νsyn < 1014 Hz), intermediate-synchrotron-peaked
(ISP, 1014 Hz < νsyn < 1015 Hz), and high-synchrotron-
peaked (HSP, νsyn > 1015 Hz) by Abdo et al. (2010).
In this paper, we infer the role of large-scale magnetic
field in underlying dynamics and efficient cooling mecha-
nisms for different blazar classes. The ordered magnetic field
anchored in the accretion flow provides a very efficient way of
tapping the gravitational potential energy of a BH and this
energy is liberated in the form of outflows/jets (Blandford
& Payne, 1982). Also the vertically inflated strong toroidal
field, produced by the differential rotation of the accretion
flow, can enhance the outflow power in the formation of
‘magnetic tower jets’ (Lynden-Bell, 2003). We suggest, based
on our unified model, that BL Lac objects are more magne-
tized, advective and optically thin compared to the FSRQs
at the jet-launching region to explain their intrinsic γ-ray
luminosities. We aim at uncovering the physical reason be-
hind the luminosity variation of different blazar classes and
why softer FSRQs still exhibiting most powerful jets.
In next Section, we model the coupled disc-outflow sys-
tem for magnetized advective accretion flows considering dif-
ferent radiation mechanisms. In Section 3, we discuss the
consequence of such flows, in particular focusing on the en-
ergetics of magnetized accretion flows to explain blazars, as
well as different beaming statistics. Finally we end with dis-
cussions and conclusions in Sections 4 and 5 respectively.
2 MODELING THE COUPLED MAGNETIZED
DISK-OUTFLOW SYSTEM
2.1 General equations for magnetized advective
accretion flow
We propose a magnetized, viscous, advective disc-
outflow/jet symbiotic system with cooling explicitly around
BHs. Unlike previous exploration (e.g. Kuncic & Bicknell,
2004), we consider the large scale magnetic and turbulent
viscous stresses both. Here we assume a steady and axisym-
metric flow, hence ∂/∂t ≡ ∂/∂φ ≡ 0 and that all the flow
parameters: radial velocity (vr ), specific angular momentum
(λ), outflow or vertical velocity (vz ), fluid pressure (p), mass
density (ρ), radial (Br ), azimuthal (Bφ), and vertical (Bz )
components of magnetic field, are functions of both radial
and vertical coordinates. Throughout we express length vari-
ables in units of GMBH/c2, where G is the Newton’s grav-
itation constant, MBH the mass of BH, and c the speed
of light. Accordingly, we also express other variables. We
make a reasonable hypothesis in the disc-outflow symbiotic
region that, the vertical variations of any dynamical vari-
ables (say, A) is much less than that with radial variation,
that allows us to introduce ∂A/∂z ≈ sA/z, where s is just
the degree of scaling which is a small number. These con-
stants for dynamical variables vr, λ, vz, Br, Bφ, Bz, p, and ρ
are s1, s2, s3, s4, s5, s6, s7, and s8 respectively. Hence, the
continuity equation, the components for momentum balance
equation, the equation for no magnetic monopole, and the
components for induction equation are respectively
1
r
∂
∂r
(rρvr ) + (s3 + s8) ρvzz = 0, (1)
vr
∂vr
∂r
+ s1
vr vz
z
− λ
2
r3
+
1
ρ
∂p
∂r
+ F
=
1
4piρ
[
−Bφ
r
∂
∂r
(
rBφ
)
+ Bz
(
s4
Br
z
− ∂Bz
∂r
)]
, (2)
vr
∂λ
∂r
+ s2
vzλ
z
=
[
3α
ρ
(
p + ρv2r
)
+
αr
ρ
(
∂p
∂r
+ 2ρvr
∂vr
∂r
+ v2r
∂ρ
∂r
)
+
αz
ρ
(
s7p
z
+ 2ρvr
s1vr
z
+ v2r
s8ρ
z
) ]
+
r
4piρ
[
Br
r
∂
∂r
(
rBφ
)
+ s5
BzBφ
z
]
, (3)
MNRAS 000, 1–8 (2019)
Blazar dichotomy as magnetized accretion process 3
vr
∂vz
∂r
+ s3
v2z
z
+ s7
p
ρz
+
z
r
F =
1
4piρ
[
Br
(
∂Bz
∂r
− s4 Brz
)
− s5
B2φ
z
]
, (4)
1
r
∂
∂r
(rBr ) + s6
Bz
z
= 0, (5)
(s3 + s4) vzBr − (s1 + s6) vrBz = 0, (6)
∂
∂r
(
vrBφ − λBrr
)
− (s2 + s6)
λBz
rz
+ (s3 + s5)
vzBφ
z
= 0, (7)
∂
∂r
[r (vzBr − vrBz )] = 0, (8)
where F is the magnitude of the gravitational force for a
BH in the pseudo-Newtonian framework (Mukhopadhyay,
2002). The set of equations without imposing vertical scaling
was presented in Mondal & Mukhopadhyay (2019). The im-
portance of generalized viscous shearing stress tensor (Wi j ) is
taking care explicitly in the present formalism. Various com-
ponents of Wi j are written in terms of Shakura & Sunyaev
(1973) α-prescription with appropriate modifications (Mon-
dal & Mukhopadhyay, 2019). We consider the induction
equation in the limit of very large magnetic Reynolds num-
ber (∝ 1/νm, where νm is the magnetic diffusivity), which is
the case for an accretion disc. Note that at very large field,
Wi j is not expected to contribute, as they could govern by
turbulence induced due to weak magnetic fields. In that sit-
uation, the accretion is solely due to large scale magnetic
shear.
2.2 Thermodynamics of the gas: effects of
magnetic and radiation pressures
In the presence of magnetic field, the standard equation of
state for a mixture of perfect gas and radiation is
pt = p + pm = pg + pr + pm =
ρkBT
µmp
+
1
3
aT4 +
B2
8pi
, (9)
where pt is the total pressure, kB the Boltzmann constant,
µ the mean molecular weight, mp the proton mass and a the
Stefan constant. pg = βp is the gas pressure, pr = (1 − β)p
is the radiation pressure, and pm = (β/βm)p is the magnetic
pressure. Here we take the parameter β = pg/(pg + pr ) to
be independent of r, unlike the parameter plasma-β, βm =
(pg/pm).
In the context of a frozen-in field, the internal energy
per unit mass of the system is
U =
3
2
ρkBT
µmp
V + aT4V +
B2
4pi
V, (10)
where V is the volume of unit mass of gas. From first law
of thermodynamics and using flux-freezing assumption, the
entropy gradient can be written in terms of temperature and
density gradients as
Tds =
p
ρ
[(
12 − 21
2
β
)
dT
T
−
(
4 − 3β + 1
3
β
βm
)
dρ
ρ
]
. (11)
2.3 Radiation mechanisms for two temperature
plasma
We solve the energy balance equations for ions and electrons
by taking into account the detailed balance of heating, cool-
ing and advection. Since ions are much heavier than the
electrons, we expect all the generated heats primarily act on
the ions. Some part of this energy is transferred from ions
to electrons through different thermal and non-thermal cou-
pling mechanisms. The magnetized energy equation for ions
reads as
Γ′3
[
vr
{
∂p
∂r
− Γ1 p
ρ
∂ρ
∂r
}
+ vz
{
∂p
∂z
− Γ1 p
ρ
∂ρ
∂z
}]
= Q+ −Qie, (12)
where
Γ1 =
32 − 24β − 3β2 + 2β(4−3β)3βm
24 − 21β , and Γ
′
3 =
24 − 21β
2(4 − 3β) .
The detailed description of the rate of energy generated per
unit volume (Q+) via magnetic and viscous dissipations is
followed from our earlier work (Mondal & Mukhopadhyay,
2019). If ions are at higher temperature than electrons, then
the volume transfer rate of the energy from ions to electrons
through Coulomb coupling is Qie (Rajesh & Mukhopadhyay,
2010). The electron energy equation is then given by
Γ′3
[
vr
{
∂pe
∂r
− Γ1 pe
ρ
∂ρ
∂r
}
+ vz
{
∂pe
∂z
− Γ1 pe
ρ
∂ρ
∂z
}]
= Qie −Q−,
(13)
where Q− represents the radiative cooling rate through
electrons via different cooling processes including
bremsstrahlung (q−
br
), synchrotron (q−syn) and inverse
comptonization process off soft synchrotron photons
(q−
syn,C
) and external soft photons coming mainly from disc
(q−
disc,C
). The dimensionful radiative cooling rate per unit
volume is
q− = Q−c11/(G4M3BH ) = q−br + q−syn + q−syn,C + q−disc,C .
Various cooling formalisms are adopted from Narayan & Yi
(1995) and Rajesh & Mukhopadhyay (2010), where
q−br = 1.4 × 10−27nineT
1/2
e (1 + 4.4 × 10−10Te)
ergs cm−3 s−1, (14)
q−syn =
2pi
3c2
kBTe
ν3c
R
ergs cm−3 s−1, (15)
q−syn,C = q
−
syn
[
η1 − η2
(
xc
3θe
)η3 ]
ergs cm−3 s−1, (16)
q−disc,C = 3
Fdisc
R
(
θe
xb
)3 [ η1
3
{(
xmax
θe
)3
−
(
xc
θe
)3}
− η2
3 + η3
{(
xmax
θe
)3+η3
−
(
xc
θe
)3+η3} ]
ergs cm−3 s−1, (17)
and the synchrotron self-absorption cut-off frequency (νc)
is computed numerically at every radius R (= rGMBH/c2)
following Narayan & Yi (1995). From charge neutrality, the
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number density for ions (ni) and electrons (ne) are equal. The
Comptonized energy enhancement factor η is defined to be
the average change in energy of a photon between injection
and escape, and it is prescribed as (Dermer et al., 1991)
η = 1 +
P(A − 1)
1 − PA
[
1 −
(
x
3θe
)−1−ln P/ln A]
≡ 1 + η1 − η2
(
x
θe
)η3
, (18)
where
x =
hν
mec2
, θe =
kBTe
mec2
, P = 1 − exp(−τes),
τes = κesρH, A = 1 + 4θe + 16θ2e .
Here P is the probability that an escaping photon is
scattered, τes the scattering optical depth with κes =
0.38 cm2 g−1, Te the electron temperature, H half scale
height and A the mean amplification factor in the energy
of a scattered photon when the scattering electrons have
a Maxwellian velocity distribution of temperature θe. For
external comptonization of disc soft photons, the disc black-
body temperature (Tb) and disc flux (Fdisc) are adopted from
Novikov & Thorne (1973). Here, the Rayleigh-Jeans ν2 spec-
trum cut-off frequency νb = 5.61×1010 Tb is used to calculate
the factors xb = hνb/(mec2) and xmax = max (xb, 3θe).
2.4 Method
Very far away from the BH, the matter is sub-sonic, i.e. vr
is very less than medium sound speed cs. Near the event
horizon, matter is supersonic. In between on the way, mat-
ter passes through the sonic/critical point, where vr ' cs.
We use this critical point as one of the boundaries to solve
the model coupled differential equations described in §§2.1,
2.2, 2.3. The other two boundaries are as follow. Far away
from the BH, the transition radius from the Keplerian to
sub-Keplerian flows provides the outer boundary of our so-
lution. The event horizon where the matter velocity reaches
the light speed provides the inner boundary. To capture the
sonic/critical point conditions, we combine the above fun-
damental model equations appropriately (see, e.g., Rajesh
& Mukhopadhyay 2010; Mondal & Mukhopadhyay 2018, for
detailed description). At the critical radius rc , we need to
specify the electron temperature Tec and specific angular
momentum λc . For a realistic accretion, flow must exhibit
at least one ‘saddle’-type critical point. We solve the above
mentioned model magnetohydrodynamic equations includ-
ing ion energy equation, further supplemented by the elec-
tron energy equation. Note that one needs to adjust self-
consistently rc, λc, vzc, Tec and relative dependence of mag-
netic field components in order to obtain the solutions con-
necting the outer boundary to the BH event horizon through
rc .
3 BLAZARS AS MAGNETIZED
ACCRETION-OUTFLOW/JET SYSTEMS
3.1 Observation
We consider blazar samples detected in the γ-ray band by
Fermi LAT during its second catalog of AGNs (Ackermann
et al., 2011). The sample contains 381 FSRQs and 440 BL
Lacs. However, we consider only those sources for which red-
shift was measured. This allows us to calculate the γ-ray lu-
minosities (Lγ) of those sources using γ-ray photon flux and
the energy spectral index αγ, following the idea as discussed
in the context of “blazar divide” (Ghisellini et al., 2009),
given by
Lγ = 4pid2L
Sγ(ν1, ν2)
(1 + z)1−αγ , (19)
where z is the redshift, αγ = Γ − 1, Γ is the photon spectral
index, dL is the luminosity distance, and Sγ(ν1, ν2) is the
γ-ray energy flux between the frequencies ν1 and ν2, calcu-
lated from the photon flux. For this computation, we adopt a
ΛCDM cosmology with h = 0.7, Ωm = 0.3 and ΩΛ = 0.7. Fig-
ure 1 shows the distribution of Γ as a function of Lγ between
1 and 100 GeV. This Γ − Lγ plane indicates that FSRQs are
more luminous and have steeper average photon spectral in-
dex than BL Lac objects. Also, the LSP BL-Lacs have close
contiguity with FSRQs in their properties of both Lγ and
Γ (see also Mukhopadhyay et al., 2012; Bhattacharya et al.,
2016).
The blazar jets contain highly relativistic particles
which are believed to be ejected either in the form of dis-
crete blobs or as continuous flow. The observations are to-
tally shrouded by relativistic effect, namely, beaming statis-
tics, which is fundamentally different for two main radiation
mechanisms: SSC and EC. Decomposing these beaming con-
straints from the intrinsic properties would allow us to probe
the jet-disc symbiosis. Based on the jet ejection mechanism
and beaming pattern, the observed γ-ray luminosity Lobs
and the intrinsic one Lint are related by (Dermer, 1995)
Lobs = Lintδ
m+n, (20)
where m = 2 for a continuous jet and m = 3 for a discrete
jet (Blandford & Ko¨nigl, 1979), δ is the Doppler beaming
factor, and n is related to αγ as n = 2αγ + 1 for EC process,
whereas n = αγ for SSC process. Here, we calculate Lint
based on different beaming constraints for all the blazar se-
quences. We consider a continuous jet model and an average
value of δ = 20.6 for both FSRQs and BL Lacs (Jorstad
et al., 2005). For HSP- and ISP-BL Lac objects, we consider
a pure SSC emission process, while for LSP-BL Lacs and FS-
RQs, a combination of SSC and EC is considered. However,
how much EC to play role is not well constrained obser-
vationally. Hence, we explore different plausible EC contri-
bution in FSRQs. Figure 2(a) distributions are for FSRQs,
showing the observed γ-ray luminosity, and the intrinsic one
computed for two different scenarios: (i) 5% SSC and 95%
EC, (ii) 25% SSC and 75% EC. The distributions for HSP-
and ISP-BL Lacs are described in Figure 2(b) and (c) re-
spectively. To compute intrinsic luminosity for LSP-BL Lac
objects, we consider 50% SSC and 50% EC emission pro-
cess, as indicated in Figure 2(d). As seen in the figure, the
large difference in observed luminosities between FSRQ and
BL Lac objects is significantly reduced when we compare
their intrinsic luminosities. In fact, depending on contribu-
tion from EC, Lint for FSRQs could be even smaller than
that of BL Lacs. This is essentially because the EC emis-
sion is much more highly beamed than the SSC emission,
and also FSRQs have steeper photon index than that of BL
Lac objects. Hence, while Lobs and jet power is highest in
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FSRQs
HSP-BL	Lacs
ISP-BL	Lacs
LSP-BL	Lacs
Γ
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3
Lγ	(erg	s-1)
1042 1043 1044 1045 1046 1047 1048 1049
Figure 1. Photon spectral index versus γ-ray luminosity for FSRQs and different classes of BL Lac objects.
FSRQs, their intrinsic power is significantly lower, which is
in accordance with their Keplerian disc dominance nature.
3.2 Explaining data by disc-outflow symbiosis
We initiated the role of large scale magnetic field in a 1.5-
dimensional advective accretion flow, emphasizing that the
presence of strong field could change the disc flow behav-
iors drastically in the vicinity of BH event horizon (Mondal
& Mukhopadhyay, 2018). Here, we consider a magnetized,
viscous, 2.5-dimensional, advective disc-outflow/jet symbi-
otic model in a more complete framework by taking care
of cooling mechanisms explicitly as discussed in Section 2.
As an immediate observational consequence, we apply this
inflow-outflow symbiosis to classify the blazar sequences at
disc-outflow/jet surface region, specifically at the jet foot-
print. By solving the fundamental conservation equations
given in Section 2, we explore the dependence of different
important cooling mechanisms on magnetic field strength
and matter density. BH accretion is transonic and the rel-
ative dependence of different field components, whose max-
imum possible magnitudes are constrained at sonic/critical
point(s), have been chosen in order to sustain atleast one
inner saddle-type critical point and further flow dynamics.
In Figure 3(a), we provide the luminosities obtained
from all different types of cooling mechanisms over the entire
flow, determined by various combinations of magnetic field
strength and accretion rate, whereas the corresponding mag-
netic field strengths are provided in Figure 3(b). The model
parameters considered herein are α = 0.01, β = 0.3. The ver-
tical scalling parameters for HSP-BL Lacs are s1 = −0.014,
s2 = −0.0125, s3 = 0.03, s4 = −0.02775, s5 = −0.021, s6 = 0.01,
s7 = −0.011, and s8 = −0.051. For other classes, they are sim-
ilar. We further identify various luminosity curves therein
with various blazar classes, explained as follows. Observed
data indicate that the accretion rate and hence the matter
density is higher in FSRQs compared to BL Lac objects. The
spectra for HSP-BL Lacs lie in the extreme hard end and
this hardness decreases gradually with increasing accretion
rate for ISP-, LSP-BL Lacs, and finally FSRQs sequentially.
The other important aspect in order to control blazar classes
could be the magnetic field strength. By comparing the in-
trinsic luminosities of blazar classes shown in Fig. 2, we ar-
gue that the matter density and magnetic field strength both
play very crucial roles. For HSP-BL Lacs, which is observed
to be intrinsically lower luminous and synchrotron cooling
dominated, the large magnetic field is expected to enhance
the synchrotron cooling and also the energy amplification
factor of scattered photon in the Comptonization process
therein, which further enhances SSC mechanism. Here the
magnetorotational instability (MRI, Balbus & Hawley 1998)
may be suppressed. On the other hand, for FSRQs, larger
matter density helps in EC process efficiently, but their pre-
sumable less field reduces the synchrotron process and the
MNRAS 000, 1–8 (2019)
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Figure 2. Distribution of Lγ for (a) FSRQs, (b) HSP-BL Lacs, (c) ISP-BL Lacs, and (d) LSP-BL Lacs. Solid black lines are for
distributions of Lγ in the observer frame, while dotted or dashed lines are corresponding distributions of unbeamed or intrinsic Lγ . The
intrinsic ones for FSRQs are computed for 95% (red dotted line) and 75% (blue dashed line) EC emission; those for HSP and ISP-BL
Lacs are computed considering pure SSC emission; and for LSP-BL Lacs 50% SSC emission is considered. Here we consider a continuous
jet model with average Doppler beaming factor 20.6.
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Figure 3. Variation of (a) luminosity, and (b) magnetic field strength, as functions of radial coordinate, when the different lines are for
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10−3 (ISP-BL Lacs), 5 × 10−4 (HSP-BL Lacs), where Ûm = ÛM/ ÛMEdd .
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Figure 4. Variation of ratios of large scale magnetic to viscous shearing stresses for (a) HSP-BL Lacs, (b) ISP-BL Lacs, (c) LSP-BL
Lacs, and (d) FSRQs. The model parameters are same as in Fig. 3.
underlying energy amplification factor of scattered photon,
which further reduces the SSC mechanism. Hence, they are
expected to be lower field systems and MRI induced α-
viscosity may operate therein. In between, for LSP-BL Lacs,
the field and matter density both are expected to be opti-
mal to operate SSC and EC mechanisms sufficiently. This
makes the difference in their intrinsic luminosities. Figure
4 confirms that for HSP the angular momentum transport
primarily takes place via large scale magnetic stresses, but
for FSRQs it is mostly via viscous stress govern by MRI.
In between, ISP and LSP are expected to exhibit both the
kinds of shearing stresses.
4 DISCUSSIONS
The large-scale strong magnetic field in accretion process
plays very important role in angular momentum transport,
radiation processes, and also in the formation of strong
outflows/jets. However, the generation of such field in the
accretion flow is still not well understood. In the accre-
tion environment, the non-parallel gradient of temperature
and density profiles may generate seed magnetic field from
zero initial field condition via Biermann battery mechanism
(Widrow, 2002). The amplification of this seed field and the
conversion between different field topologies are also possible
through either differential rotation and/or turbulence mech-
anism and/or dynamo process (Brandenburg et al., 1995;
Stone et al., 1996; Fendt & Gaßmann, 2018). Also, the ex-
ternally generated magnetic field from companion star or
interstellar medium can be advected inward by the accret-
ing matter and becomes dynamically dominant in the vicin-
ity of BH through flux freezing (Bisnovatyi-Kogan & Ruz-
maikin, 1974). The applications of this large scale strong
field have been studied widely and also verified numerically
in the ‘magnetically arrested disc’ or MAD regime (Narayan
et al., 2003; Tchekhovskoy et al., 2011), where the large
scale poloidal field plays the main role to convert mass to
energy with perfect efficiency. Unlike MAD, in our differ-
entially rotating, quasi-spherical disc-outflow symbiosis, ad-
vection of both the toroidal and poloidal field is happen-
ing. Indeed, there is an upper limit to the amount of mag-
netic field what the disc around a BH can sustain, given
by BEdd ≈ 104 G ( M109M )
−1/2 (Mondal & Mukhopadhyay,
2019). The required field strength to support our scenario is
perfectly viable.
The magneto-centrifugally driven outflows from the disc
threaded by large scale open magnetic field is a very effi-
cient way to extract the gravitational potential energy of
BH through accretion process. Also, the positive Bernoulli
number in this highly magnetized advective flow provides a
generic explanation of unbound matter and, hence, strong
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8 T. Mondal and B. Mukhopadhyay
outflows (Mondal & Mukhopadhyay, 2019). Interestingly,
the vertically inflated large toroidal fields create a magnetic
pressure gradient, which further enhances an outward pres-
sure to produce outflows and hence jets. Apart from disc
dynamics, this large scale field also enhances the cooling
mechanisms, say via synchrotron and SSC processes, very
efficiently. All these magnetic natures allow us to unify the
blazar classification.
5 CONCLUSIONS
Based on a 2.5-dimensional geometrically thick, optically
thin, magnetized, viscous, advective disc-outflow/jet sym-
biosis with cooling, we address the mutual role of matter
density and large scale strong magnetic field in order to ex-
plore the energetics of the accretion induced outflow and
explain blazar classes. We suggest that HSP-BL Lacs are
more optically thin and the accretion rate and hence matter
density increases gradually for ISP-, LSP-BL Lacs, and fi-
nally FSRQs to explain their spectral signatures. To capture
their intrinsic γ-ray luminosities, our model comes with the
idea that the field is comparatively high in HSP-BL Lacs
and this strength falls gradually for ISP- and LSP-BL Lacs,
and becomes very less for FSRQs. The origin of this field and
its enhancement may indicate an evolutionary unifications
of blazar classes, which is beyond the scope of our model for
the time being. While HSP-BL Lacs dynamics may be con-
trolled by large scale strong magnetic fields (without MRI),
FSRQs are determined by MRI.
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